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Introduction 
The.bluegill is a freshwater spiny rayed sunfish found 
extensively in lakes, ponds and rivers throughout the United 
States and sections of Canada. Its widespread distribution, 
large populations, and palatability ~ave made this a favorite 
panfish among anglers. Because of its rapid rate of propagation 
bluegills have been used by hatcheries as a food source (forage 
fish) for game fish and by farmers for stocking their ponds 
(Morgan, 1951). During the preparation of this thesis Illino~ 
legislators have further demonstrated the bluegill's popularity 
by declaring it the state fish. 
The purpose of my investigation is to describe the seasonal 
cytological structure and function of the bluegill gonads. 
Thus, the contents of my study might be of practical value to 
the fish physiologist and perhaps to the fish breeder. A 
gonadal investigation of any organism, including the bluegill, 
is of immense value in controlling or expanding its population. 
This thesis includes a study of male and female germ cell 
maturation, the presence of interstitial cells in the male, 
thecal and follicular cells in the female, and the presence 
of gonadal steroids. 
s 
Review of Literature 
Morphological descriptions of both ovary and testis have 
been recorded for several teleosts: Lepomis macrochirus 
and !lli!:Q. salmoides (James, 1946), Sebastodes paucispinis 
(Moser, 1967), Pomoxis qigro-maculatus and Pomoxis annularis 
.(Cooper, 1952). Many investigato~s.of gonadal structure, howev~ 
er, have restricted their studies to a more detailed descrip-
tion of one sex. Various aspects of teleostean ovary morpho-
logy included studies of Eucalia inconstar~ (Braekevelt and 
McMillan, 1967), and Salvelinus fontinalis \]urley and Fisher, 
1965). Ball (1960) correlated ovarian structures with repro-
ductive function in female teleosts. 
Numerous articles have been published on morphology of 
teleostean testes. These include descriptions of Heteropneus-
tes fossilis (Nayyar and Sundararaj, 1970), Betta sp_lendens 
(Bennington, 1936), Oncorynchus nerka (Wiesel, 1943), Salveli-
lll!.§. fontinalis (Henderson, 1962), Ambloplites_rupestris 
(Schroder, 1930), and Perea flavescens (Turner, 1919). 
In additiol! to its repI•oductive function, the bluegill 
testes is an endocrine organ containing interstitial cells. 
These cells are thought to be responsible for the production 
of steroid sex hormones. Melampy and Cavazos (1954) performed 
various histochemical tests on the interstitial (leydig) cells 
of a number of vertebrates, including the bluegill, for the 
6 
presence of lipids, phospholipids and steroids. Some teleosts, 
other than the bluegill, however, possess tubule boundary cells 
which are considered to be the interstitial cell homologue 
(Marshall and Lofts, 1956). 
The male androgen, testosterone, produced by the g~nad is 
primarily responsible for reproductive behavior, such as nest 
building, by sunfish (Smith, 1969). This study involved the 
addition of 17°'-methyl testosterone to the water containing 
castrated flsh and observing the resulting behavior. Very 
little is known about hormone producing cells in the teleostean 
ovary. In the zebrafish, 3-B-hydroxysteroid dehydrogenase, 
involved in steroid hormone synthesis, is found to be associ-
ated with some thecal cells of large follicles (Yamamoto and 
Onozato, 1968). In the guppy, however, this enzyme is asso-
ciated with follicular cells {Lambert 196.6, as cited by Yama-
moto and Onozato, 1968). Ball (1960), on the other hand, pos-
tulates that an atretic follicle which has been invaded by 
granulosa cells is the structure responsible for the endocrine 
function of the ovary .. 
' 
Dean and Jones (1958) chromatographically demonstrated 
the presence of progesteroue, estriol, estrone and estradiol-
17-B in ovarian extracts from lungfish (Protopterus annectens). 
Cytological sources of these sex steroids were not considered. 
However, the ovarian endocrine structures and functions of the 
bitterling were exhaustively investigated by Bretschneider and 
I 
ouyvene De w1t· (1947). Ovarian hormones usually affect the 
metabolism, behavior,·. and secondary sex characteristics of 
most female teleosts (Ball 1960, and Dean and Jones 1958) .f 
7 
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Materials and Methods 
Sample Collecting 
Bluegills used throughout this research were obtained at 
the State Fish Hatchery in Spring Grove, Illinois. Each fish 
was assigned a number for purposes of recording data. Weight 
and length were recorded and scale samples were obtained from 
each specimen: 
Gonads were carefully removed and assigned the same number 
as the f fsh from which they had come. The testis or ovary were 
then cut in halves. One half was used for steroid analysis 
while histological sections were prepared from the other half. 
Water temperatures at Spring Grove were also recorded each 
time fish were obtained {table B). 
Tissue Preparation and Microtechnique 
Halves of gonads for histological examination were placed 
in Bouin's fixative for at least twenty four hours. This fix-
ative contained acc_ording to the following formula of Gray- {19.5~~; 
water ••••••••••••••••••••.••• 190ml. 
picric acid ••••• ~·•••••••••• 2.4 g. 
40% formaldehyde ••••••••••••. 60ml. 
acetic acid ••••••••••••••••• 12.5ml. 
After fixation, the gonads were washed in water to remove 
any excess fixative before the dehydration. 
Water was remov'ed from the tissues by Larbaud' s de hydra-
9 
tion method. using n-butyl alcohol cited in (Gatenby and Beams, 
1950). 
The procedure: 
i. 35% ethyl alcohol --------------------------2. 9cc. 45% ethyl alcohol + lee. butyl alcohol--).. Bee. 62% ethyl alcohol + 2cc. butyl alcohol--
4 65cc. 77% ethyl alcohol + J5cc. butyl alcohol-
). 45cc. 90% ethyl alcohol + 55cc. butyl alcohol-
b. 25cc. 90% ethyl alcohol + 75cc. butyi alcohol-
7. butyl alcohol------~--------~--~-------------
8. butyl alcohol-- .. --.. -----------------------------
JOmin.-lhr. 
2hrs. 
2hrs. 
4hrs. 
6hrs.-days 
6hrs.-overnigh· 
several hours 
several hours 
\ Much of the yellow color of the picric acid (from Bouins 
fixative) was absorbed by the tissues while some of the color 
diffused into the dehydrating alcohols. Remaining color from 
the tissues was removed by adding about .5 gram of lithium 
carbonate to each alcoholic wash of the graded series with 
the exception of the last (containing 100% butanol). 
The gonads were then infiltrated. by placing them in a 
mixture of 2 parts paraffin wax to 1 part butyl alcohol in a 
closed Stentor dish for twelve to twenty four hours. The dish 
was placed in a 6o0 c oven and later uncovered. ·When the odor 
of the alcohol disappeared the tissues were transferred to 
pure paraffin for 'several hours (Gatenby and Beams, 1950). 
Following this procedure the tissues were then placed in 
numbered glass molds coated with glycerine and covered by 
molten paraffin. The melted paraffin (in the molds) was 
allowed to solidify in ice water overnight. 
Trimmed paraffin blocks containing the embedded tissue 
were then sectioned at 7 microns. Five slides were prepared 
10 
for each gonad. Transverse and longitudinal sections were 
used from both ends and the centers of each testes or ovary 
in order to obtain maximum morphological representation of the 
entire gonad. 
Tissue sections were placed on albuminized microscope 
slides and gently heated in order to flatten them. Sections 
were then deparaff inized and stained. The periodic acid -
Schiff reaction and a Harris Hematoxylin counterstain were 
the staining methods selected {Humason, 1967). 
1. 
2. 
'.3. 
4. 
5. 
6. 
7 .• 
8. 
9. 
10" 
11. 
12. 
13. 
Il.i. • 
15& 
16. 
17. 
The procedure: 
Deparaff inize slides in xylene ------------- several hours 
Deparaff inize slides in 2nd change of xylene - several hours 
absolute ethyl alcohol --------------------- 5 min. 
alcoholic ~eriodic acid -------------------- 2 hrs. 
(periodic acid HI04 -------------- l.Og 90% ethyl alcohol------------- 100.0ml.) 
90% alcohol~------------~~------------~~--~~ 5 min. 
distilled H20 ------------------------------ 2 min. 
Schiffs Reagent --------------------------- 10 min. (basic fuchsin ---------------- l.Og 
anhydrous sodium bisulfite --- 1.0g 
N HCL -~-------~~---------~-- 20.0 ml. distilled H
2
o ________ _: _____ 200-.0 l.) 
(Jones, 1950) 
) changes in sulfite solutions ------------ l.5-2min. in each (sodium metabisulfite-------- .Sg 
distilled H20 ------------- lOOml.) 
Wash in running water ---------------------- 5 min. 
Counterstain in Harris Hematoxylin --------- Z min. 
Wash in running water ---------------------- .5 min. 
70% ethyl alcohol -------------------------- 2 min. 
95% ethyl alcohol -------------------------- 2 min. 
100% ethyl alcohol -------------------------- 5 min. 
100% ethyl alcohol and xylene 1:1 ----------- .5 min. 
xylene --~-~---~-------------------~--~--~-- 5 min. 
mount in permount 
0 The slides were finally p+aced on a warm (50 C) h~t plate 
to harden the permount for seven to ten days. Excess permount 
~- .,~---------------------------------------------. 
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was scraped off, and the slides were washed and stored in slide 
boxes. 
Photography 
The photographs of sections contained in this thesis were 
all taken with a Carl Zeiss automatic exposure photomicroscope. 
Phase contrast and a green filter {546 mu).were used~ Black 
and white Adox 35mm. film was used. 
The magnification of the image on the film and on the 
focusing reticle is the product of: 
the objective magnification (lox, 40x or lOOx) 
the factor of optovar (l.25x) and 
the factor of the projective (J.2x). 
(Carl Zeiss instruction 
manual) 
Thus the magnification of the photographs contained herein 
have been calculated to be 40:1, 160:1, and 400:1 oil immersion. 
Thin Layer Chromatography 
The gonads used for demonstrating the presence of steroids 
were pooled, weighed, and homogenized with water. Extraction 
procedures employed by Dean and Jones (1959) in the separation 
of steroids from lungfish were duplicated for bluegill gonads. 
This method depends on differential extraction of estrogens, 
if present, into the ether layer of an ether water mixture. 
Progesterone, if present, is concentrated in an aqueous metha-
nol layer when the other component of the mixture was petro-
leum ethozt. Each separate·d extract was allowed to evaporate 
p . 
12 
partially to concentrate the solutes. 
Eastman1 thin layer chromatography equipment was used. 
Upon each precoated silica gel chromatogram sheet were spotted 
the gonadal extracts and three control solutions. The controls 
-2 d included 1.10 x 10 M estradiol - 95~ ethanol solution, 1.11 : 
-2 ,J 4 -2 10 M estrone - 951& ethanol solµt,ton and 1.0 x 10 M testos-
terone - 95% ethanol solution. 
One dimensional chromatograms were developed with chloro-
form: acetone (9:1) for a distance of 16cm. (Stahl, 1965). 
The time required for the solvent front to advance this dis-
tance was usually between two and three hours depending on 
temperature and humidity in the laboratory. The steroids were 
visualized by spraying with a 1:1 o-phosphoric acid-water so-
lution and then heated in a 90-10o0c oven for five minutes. 
Intensification of the spots was increased by spraying the 
warm chromatogram with a freshly prepared solution of 1.5g 
phosphomolybdic acid in lOOml ethanol. The sheet was again 
0 placed in a 90-100 C oven for five minutes or until the spots 
appeared (Stapl, 1965). 
1 
Distillation Products Industries, Rochester, N.Y. 
lJ 
A Gross Morphology of the Gonads 
The bluagill testes is a long slender bilobed structure 
lying against the ventral surface of the swim bladder. In the 
area of the urogenital opening the lobes fuse and communicate 
with the exterior through a short primary sperm duct. A sheet 
. 
of mesentery envelops the gonad arid serves am.an attachment for 
blood vessels and nerves supplying it. Anteriorly a strand 
of mesentary, the mesorchium, leaves the testis to become con-
tinuous with the peritoneum of the swim bladder. Immediately 
beneath the mesentery, a tough fibrous capsule, the tunica 
albuginea, surrounds the testis. Mature testes range from a 
white to a cream color. 
Ovaries, on the other hand are expanded bilobed structures, 
usually much larger than a testes of comparable maturity. Blue-
gill ovaries occupy the same position in the fish as do the 
testes. The ovarian lobes are similarly fused in the area of 
the urogenital opening. A smooth muscle tunica alb1.,1ginea 
encases the ovary which is in turn covered with visceral peri-
toneum. The ovary is suspended by the mesovarium which con-
tains blood vessels which branch into the tunica albuginea. 
Because of the yollc and oil droplet vesicles within the cyto-
plasm of the eggs, mature ovaries are a characteristic deep 
yellow color. 
Bennett and Parr {19L~o·) used the following seasonal vari-
14 
ation macroscopic description for bluegill and largemouth bass 
gonads (as cited by James, 1946). 
0 Immature. Testes slender translucent cords; ovaries 
small, translucent and grayish pink." 
"Poorly developed. Testes slightly enlarged, opaque and 
white; ovaries somewhat enlarged, opaque, pale yellow 
and developing eggs with a ~anular appearance." 
"Enlarged. Testes greatly enlarged, flattened with wavy 
edges; and opaque and white; ovaries greatly enlarged, 
oval, with large, distinct, solid, opaque yellow eggs." 
"Spawning condition. Testes as above, but giving off milt 
when gently pressed; ovaries as above, but turgid giving 
off eggs when gently pressed. Eggs semiliquid, trans-
lucent, yellow and sticky." 
"Partly spent. Testes (after May) same as next above but 
less swollen; ovaries smaller but very similar to condi-
tions described as enlarged. 
"Completely spent. Testes small and pinkish; ovaries 
flabby at first, contracted later, pinkish with granular 
appearance. 11 
Results 
I. Histology of the Bluegill Testis 
A. Reproductive Tissue 
15 
The testis of the bluegill is divided by many lobules 
which are the functional counterpart of seminiferous tubules 
in man. Each lobule is composed of cysts containing germ cells 
all of which are at one particular stage of development (fig.9). 
Cysts are separated by fine connective tissue partitions. A 
lumen lies in the center of the lobule. 
Spermatogenesis in the bluegill testis 1s characterized 
by the following cell stages: 
a) Primordial germ cells (fig.l) are the largest cells 
within the testis and give rise to spermatogonia. Primordial 
germ cells not ,participating in spermatogenesis are known as 
resting cells. Thus, they may remain presently inactive only 
to dh~ide during the next season and initiate the next genera-
tion of spermatogonia (Bennington, 19J6). Abundant cytoplasm, 
light staining .nuclei, and distinct nucleoli are characteristics 
of primordial•germ cells. 
b) S,2ermatogon.~ (fig.l) arise from the division of pri-
mordial germ cells and are noticeably smaller in size. Cell 
borders are difficult to distinguish. Nuclei are more compact 
than those of primordial germ cells and also take up little 
stain. Spermatogonia predominate in the testes of immature 
16 
fish or in mature fish where active (seasonal) spermatogenes1s 
has not yet begun. 
c) Spermatocytes (f1g.l) are characterized by their dark 
staining nuclei. Chromatids here are commonly condensed in the 
formation of division spindles thus resulting in their increased 
uptake of stain. No attempt was made to differentiate between 
primary and secondary spermatocytes. Their characteristics 
are nearly identical. 
d) Spermatids (figs.1,18). Except for spermatozoa, sper-
matids are the smallest cells found throughout spermatogenesis 
stages. Nuclei are small, round or partially elongated struc-
tures. The entire compact nucleus stains darkly. Little if 
any cytoplasm is distinguishable. Cysts containing spermatids 
usually break ,open releasing the cells into the lumen of the 
lobule. 
e) Spermatozoa (figs.14,15,16,17) are identified by the 
presence of "tails" {flagella). The sperm nhead" is almost 
entirely composed of a nucleus having an oval shape and stain-
ing as dark or. darker than spermatid nuclei. No cytoplasm can 
be seen. Spermatozoan tails average 105.5u in length and the 
average head measurement is l.9u (See table A for measurements). 
Spermatozoa usually oocUI' in clusters. 
B. Testis Endocrine Tissue 
The interstices of lobules in the bluegill testis contain 
17 
cells of Leydig or interstitial cells (figs.2,Jl). These 
specialized cells having round or elongated pale nuclei occur 
singly or in clusters. Because interstitial cells are com-
pactly arranged their cell~borders are difficult to see. 
Furthermore, their presence is difficult to demonstrate in a 
testes containing maximal numbers.of spermatozoa. However, 
in a partially or totally spent testes identification can 
easily be made. 
II. Histology of the Ovary 
A. Reproductive Tissue 
Various stages of cells undergoing oogenesis are, for the 
most part, randomly distributed throughout the ovary. Strands 
of connective tissue and ovigerous lamellae can also be dis-
tinguished among the follicles (fig.J). 
Cells undergoing oogenesis as seen in the bluegill are as 
follows: 
a) Oogoniq (fig.4) averaging 22.6u in diameter (table A) 
are the smallest cells present. They are characterized by a 
distinct nuclear border and prominent nucleoli. The light 
staining cytoplasm is homogenous and occurs proportionally 
less than in primary oocytes. 
b) Primary oocytes (figs.4,5) are larger in size than 
oogonia. They average 58.8u in diameter (table A) and contain 
proportionally more cytoplasm which stains darkly. Nuclear 
18 
and cytoplasmic borders are distinct. Nuclei are small con-
densed dark staining dots within the nucleus. Chromosomes 
are faintly visible. 
c) Secondary oocytes (fig.J) differ from primary oocytes 
in a number of ways. Nuclear and cytoplasmic borders tend to 
be slightly irregular. Secondary 'oocytes are also the largest 
cells containing dark staining homogenous cytoplasm. The 
largest oocytes, however, contain forming yolk vesicles in the 
peripheral regions of the cytoplasm {fig.24). Nucleoli are 
prominent but chromosomes in this and following stages are 
granular and dispersed throughout the nucleoplasm. Secondary 
oocytes average lOJ.5u in diameter (table A). 
d) Maturing and mature ova (fig.19) are characterized 
by oil and yolk vacuoles occurring throughout the entire 
cytoplasm giving it a heterogeneous light staining appearance. 
The nt..clear border may appear slightly to highly irregular and 
nucleoli are arranged peripherally in the nucleoplasm. 
Maturing and mature ova are identical in structure but 
differ in size only. James (1946), however, classifies ma-
turing ova as oocytes and fully mature eggs as ova. Depending 
on the stage of development eggs may average 152.6u for the 
smaller maturing ova to an average diameter of 676.5u for 
mature ova {table A)o 
Secondary oocytes and ova are bordered by a distinct 
vitelline membrane composed of two well defined layers (Hurley 
h 
.~~----~--------------------------------------------------, 
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and Fisher, 1966). The innermost one, lighter in color, is 
the zona radiata. The outer darker layer is termed zona pel-
lucida (figs.7,8). A single thickness of follicular cells 
make contact with the zona pellucida. Outside the follicular 
layer stroma tissue can be subdivided into theca interna and 
theca externa (figs.7,8). 
B. Ovarian Endocrine Tissue 
Evidence of cells or structures having an endocrine fµnc-
tion is indecisive or lacking regarding ovaries of bony fish. 
The most widely accepted view, however, considers atretic 
follicles (fig.4) and associated follicular cells as the source 
of sex hormones. Arguments and evidence supporting the en-
docrine nature of atretic follicles will be considered later. 
III. Seasonal Gonad Morphology 
A. Samples collected on April 9, 1970 
E.ft. D 
1 4/9/70 
W L SEX 
156 6 J/4 T 
PGC 
+++ 
SPG .§12.Q ~ 
++++ 
SPERM 
Key: F// fish number, D date, W weight in grams, L length in 
inches, PGC prfmordiul germ cell, SPG spermatogonium, SPC 
spermatocyte, Si:'D spermatid, OG oogonium, PO primary oocyte, 
SO secondary oocyte, O ovum, s,m,l, under ova indicate small, 
medium or large size ova respectively, f few in number, + cell 
is present, - cell is absent. 
Only one male bluegill was obtained at this time. Histolo-
gical preparations of the testis showed an abundance of primor-
dial brerm cells and sperma.togonia. Sperrnatocytes, spermatids 
t,, ___ ··-~~~,~----·"""""""'---------,~--···"' .... ·-~---.....,_. 
2() 
and spermatozoa, however, were lacking and interstitial cells 
·were not visible. 
B. Samples collected on April 27, 1970 
Efi. D w L SEX OG PO so 
1J3 6 5/8 T + - + 2 4/27/70 + 
fit. D . w L SEX ~ SPG SPC ~ 4/27/70 b2 b M ++ ++ + 
4/27/70 50 5 1/2 M ++ ++ ++ 
~ 4/27/70 57 .5 3/4 M ++ ++ +++ 4/27/70 100 7 1/4 M ++ ++ +++ 
7· 4/27/70 66 5 1.5/16 M ++ ++ ++++ 
Q 
s 
fil:Q · SPERM 
+ 
+ 
-
Testis: Male fish obtained at this time possessed greater num-
bers of spermatocyte cysts than the first sample which contained 
only primordial germ cells and spermatogonium. A portion of a 
spermatocyte cyst can be seen in fig. 9. Only the two largest 
fish (in length and weight) ·demonstrated the presence of sper-
matids (fig.10). No spermatozoa were yet present. However, 
interstitial cells were easily identifiable at this stage 
(fig.10). 
Ovary: Only one female was included in the April 27th sampling. 
Oogonia, seconda..ry oocytes, primary oocytes; ova and atret ic 
follicles were present in every ovary used in this investiga-
tion (figs.11,19). 
The most significant seasonal variations thus lie in the number 
and size of maturing ova and the presence or absence of mature 
" eggs. In samples taken at this date maturing ova average 213.5u 
!~n 0di~m:~er (~::.~! a.~ .c:p~~:~ ap~:~~:_i~:.~uarter 
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of the ovarian germ cells. The vitelline membrane surrounding 
the ovum averaged J.Ju in thickness (table A). 
c. Samples collected on May 9, 1970 
F# D w L SEX OG PO so 0 
1r 5/9/70 99 7 178 FM + - + -+ s 
Fil. D w L SEX PGC SPG SPC SPD SPERM 
9 5/9/70 - 6 374 - - - -111 M + + ++ + + 
Testis: The most significant difference in this sample over 
previous samples is the initial appearance of spermatozoa 
(fig.12). Furthermore, primordial germ cells and spermatogonia 
noticeably decreased in number. Interstitial cells are present 
but difficult to locate. Active spermatogenesis resulting in 
the swelling of the lobules compresses the interstitial area. 
Ovary: No significant changes have occurred in the ovary when 
compared to the previous sample. Ova are still reduced in size 
being only slightly larger than secondary oocytes. Relative 
proportions of ova are also similar to the April 27th sample. 
D. Samples collected on May 18, 1970 
F# D w L SEX PGC SPG SPC ~ SPERM IO 5718/70 244 8 7/8 T +-- +--- ~ + ++ 
11 5/18/70 49 5 J/4 M + ++ + 
12 5/18/70 139 7 M + + ++ + ++ 13 5/18/70 110 6 7/8 M + + ++ ++ ++ 14 5/18/70 192 7 1/2 M + + +++ +++ +++ 
15 5/18/70 50 5 1/2 M + + +++ ++ ++ 16 5/18/70 49 5 1/16 M + ++ ++ ++ ++ 
f.l D 
17 5/1"g/70 
18 5/18/70 
W L SEX 
35 5 3716 T 
30 4 15/16 F 
OG 
+ 
++ 
PO 
+ 
+++ 
so 
+ 
++ 
Q 
m 
s 
22 
Testis: With the exception of two sexually immature fish (fig.13 
all samples indicated further increases in the numbers of sperma-
tozoa (figs.14,15,16,17). Three specimens showed greater numbers 
of spermat1ds (fig.18). Testis germ c~lls at this stage are 
mostly spermatocytes, spermatids and spermatozoa. Primordial 
germ cells and spermatogonia are fewer in number and are diff 1-
cult to demonstrate in some slides. Few interstitial cells 
are visible. 
Ovary: One specimen demonstrated a noticeable increase in the 
average size of the ova to )82.Ju in diameter (table A) (fig.19). 
At this stage the vitelline membrane had an average thickness 
of 5.6u (table A). Numerous primary and secondary oocytes were 
compressed in the spaces surrounding maturing or mature ova 
{fig.19). 
The other female was sexually immature and contained oo-
cytes and a few small undeveloped ova similar to the ovary sec-
tion shown in fig. 11 • 
• 
E. Samples collected on June .5 and 17, 1970 
Eli. .Q w 1 ~ PGC .fil:Q SPC fil:ll SPER.M 
-
19 6/5/70 224 8 M + + ++ ++ ·++++ 
20 6/5/70 294 9 J/8 M + ++ + + ++++ 
21 6/5/70 84 6 7/16 M + + ++ + +++ 
22 6/17/70 80 6 3/16 M + + + + +++++ 
L ___ 
'!i;M 7e M'"4-~~»i#~~,T~i(C;'"'1!1!1iJl! ~~~~Gr.llllll ... ?'dllilU•at JN'lCJi 1':1*~:e-••" 411-~~ 
lit. D w L SEX PGC 23 6/f7/70 b2 5 7716 T +--
24 6/17/70 71 6 M + 
25 6/17/70 82 6 1/16 M + 
*· 
D w L SEX .QQ 
6/r.7/70 7)4 5 9716 F + 
27 6/17/70 62 5 11/16 F ++ 
" 
D w L SEX PGC 
6/17/70 1)5 5 9716 M +-
29 6/17/70 ~~ 5 5/8 M + JO 6/17/70 5 11/16 M + 
31 6/17/70 69 5 9/16 M + 
32 6/17/70 57 .5 .5/8 M + 
F# D w L SEX OG 
~ 6ff.7/70 .53 .5 9716 T ++ 6/17/70 52 .5 J/8 F + 
35 6/17/70 .54 5 J/8 F + 
SPG SPC 
+ ++ 
+ ++ 
+ + 
EQ .§Q 
++ + 
++ + 
fil:Q fil:Q 
·+ ++ 
+ +++ 
+ +++ 
+ +++ 
+ +++ 
PO so 
- -+ + 
+ + 
+ + 
SPD 
+r 
+ 
+ 
0 
r 
1 
SPD 
+--
+++ 
+ 
+ 
++ 
0 
! 
m 
m-1 
23 
SPERM 
+++ 
+++ 
+++++ 
SPERM 
+++ 
++ 
+ 
+++ 
++ 
Testes: A number of males collected on both dates dem~nstrated 
near maximal numbers of spermatozoa sparsely distributed among 
spermatocyte cysts (fig.20). Other fish, however, contained 
spermatozoa densely packed in clusters (fig.21). Lobular cysts 
containing spermatocytes and significant n~mbers of_spermatids 
wera also observed (fig.22). The proportions of primordial 
germ cells and spermatogonia to remaining germ cell stages were 
negligable. Some interstitial cells could be seen. 
Ovary: Fully mature ova from this sampling averaged 656.4u in 
diameter (table A) and were most abundant (figs.23,24). Oogonia 
primary and secondary oocytes were few in number. Most of these 
cells, at this time, have been transformed into mature eggs. 
Greatest accumulations of eggs occur in the largest fish which 
had not yet spawned. The average thickness of the vitelline 
membrane was 6.0u (table A). 
24 
F. Samples collected on July 8, 1970 
F# D w L SEX OG PO so 0 
"jb 1m110 "S5 5 i5/16T + + r iii, 1 
Fi!. D w L SEX PGC SPG SPC SPD SPERM 7/g/70 b'6 b T +-- +:r - +---37 + + 
J8 7/8/70 265 8 7/8 M + + + + +++ 
Ei1. D w L SEX OG PO so 0 7!8/70 95 6 9716 Jr - + r ! gg + . 7/8/70 66 5 11/16 F + + f 1 
ff D w L SEX IQQ SPG fil..Q .§£12 SPERM 7/8/70 57 5 1I/16T -+ + f 
42 7/8/70. 66 5 J/4 M + + f f +++++ 
ij D w L SEX QQ F.Q §.Q. 0 7/g/70 bl 5 2Y/16T + + + iii,l 
** 
D w L SEX EQQ SPG SPC SPD SPERM 
7/8/70 38 5 9716 Ir - f f + + +++++ 
45 7/8/70 49 5 J/8 M + + + 
·M D w L SEX .QQ l:.Q §.Q Q 7/8/70 47 5 5716 T + + + s,m 
*- D w L SEX PGC SPG filQ .fil:2 SPERM 7 7!8/70 7$9 5 5716 M +-- +--- + + +++ 
48 7/8/70 64 .5 13/16 M + + +++++ 
~ D w L SEX OG l:.Q so 0 7!8/70 7$9 5 172 T + - r + + 
'!ii. D w L SEX PGC SPG ~ SPD SPERM 7/8/70 so .5 174 M +- +- -50 + + + 
• Testis: Considerable variation in spermatozoa content occurred 
in the males of this sampling. For example, younger bluegills 
with partially spent testes contained spermatozoa only in the 
regions of the sperm ducts. The remainder of the gonad, however, 
contained only primordial germ cells, spermatogonia and sper-
matocytes (fig.25). Figure "26 is a magnified portion of the 
t 1W11 lilll ifio·D~ u IC'lSifll!~,~~· • I .... ~-a.':#~il---ni~'QW &1•-•cw~~:<'1:1'~· 
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testis lacking sperm shown in fig. 25. Primordial germ cells 
and spermatogonia compose the majority of cells present (fig.26). 
The lobules and sperm ducts of many older fish, of the same 
sampling, contain maximal numbers of spermatozoa (figs.27,28). 
Quantities of spermatogonia are appreciable, but the presence 
of spermatocytes and spermatids,· for the most part, are negli-
gible. Testes of fish which had s~wned contain small to mo-
derate numbers of spermatozoa (figs.29,JO). 
were identifiable in most testes (fig.JI). 
Interstitial cells 
... . 
Ovary: Numerous large ova averaging 676.5u in diameter (table .'.A) 
still remain. However, this late through the spawning period, 
many mature ova degenerate (fig.JJ). Other portions of partially 
spent ovaries may show decreased numbers of large ova with 
accompanying increases in ovarian germ cells of other stages 
ie., oogonium, primary and secondary oocytes (f1g.J4). The 
thickn~ss of the vitelline membrane of the largest ova at this 
stage average 7.6u (table A). 
G. Samples collected on Oct. 8, 1970 
Eli. D w L SEX QQ PO so 0 
.51 1078/70 9J 7 i716 T + + + f,s 
52 10/8/70 92 6 15/16 Ii' + + + r,s 
53 10/8/70 96 7 F + + + f ,s 
54 10/8/70 111 7 5/8 F + + + s 
u D w L SEX EQQ gg SPC SPD SPERM 
55 1078/70 76 6 7716 T + ++ f f + 
56 10/8/70 90 6 11/16 f1. -t:+ ++ r 
57 10/8/70 74 6 5/8 M ++ ++ f f f 
~ D w L SEX 1078/70 102 7 378 T 
El!. D w L SEX 1078/70 10.5 7 7716 T 59 60 10/8/70 99 7 1/2 M 
61 10/8/70 122 7 1/16 M 
62 10/8/70 162 7 3/4 M 
63 10/8/70 104 7 M 
~ D w L SEX 1078/70 78 7 1716 T 
F# D w L SEX 
b5 1078/70 100 6 778 -M 
CG El + + 
PGC SPG 
++ ++"" 
+ ++ 
+ ++ 
+ + 
+ + 
OG PO 
+ . -++ 
PGC gQ 
++"9 ++ 
so 
+ 
SPC 
-
f 
+ 
+ 
so 
+ 
gQ 
.Q 
s 
filQ 
-f 
+ 
+ 
0 
-s 
SPD 
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SPERM 
+ 
+ 
+++ 
+++ 
SPERM 
f 
Testis: Specimens collected at this time showed the testes in 
a sperm reabsorption stage.' Two fish, even at this late date, 
possessed significant numbers of spermatozoa (fig.J.5). However, 
the quantities of sperm were less than those within the July 8 
samples. Some specimens, from this sampling, indicated the 
presence of very few spermatozoa (figo36) while others were 
completely devoid of spermatozoa (fig.37). As spermatozoa 
decreased in quantity the numbers of primordial germ cells and 
especially spermatogonia increased (fig.37). Interstitial cells 
were easily located (fig.2). 
Ovary: Mature ova were totally absent. In these specimenG 
• 
ova average 152.6u in diameter (table A) (fig.38) thus approx-
imating the April 27th sample description (fig.11). Oogonia, 
primary oocytes, secondary oocytes, and small ova are present 
I in near equal numbers. Atretic follicles are also more common  (fig,39), Average,vitelline membrane thickness is 2,8u (table 
~ A)• 
~ 
i,:.-..... r..--~;.u-·,-~~--.U""'"'...,~~-~~~.q,.._'1."!1"1'~~~--J~'l"i!'~~.~~~--......,J\ 
r 
H. Samples 
~ D w 1/2/71 34 
67 1/2/71 51 
68 1/2/71 50 
* 
D w 
1!2/71 42 
fJ1. D w 
1/2/71 iro 70 
71 1/2/71 40 
72 1/2/71 Jl 
73 1/2/71 JJ 
* 
D w 
112/71 35 
75 1/2/71 Jl 
collected on 
L SEX 
5 5716 M 
5 15/16 M 
S 7/8 M 
L SEX 
5 9716 F 
L SEX 
s a716 rr 
S 5/8 M 
5 1/8 M 
5 1/4 M 
L SEX 
5 5716 Ir 
5 3/16 F 
Jan. 2, 1971 
f.gQ SPG 
Lost 
++ ++ 
+ ++ 
OF J:Q. 
+ ++ 
PGC S'PG 
+-- -++ 
+ ++ 
+ ++ 
+ ++ 
OG J:Q. 
+ ++ 
+ ++ 
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.§.fQ .§.!22 SPERM 
so .Q. 
+ s 
SPC SPD SPERM 
ff 
so 
+ 
+ 
0 
-s 
s 
Testis: The condition of "winter testes" were all identical. 
Lobules contained only primordial germ cells and spermatogonia 
(figs.40,41,42). No specimens showed the presence of any 
primary or secondary spermatocytes, spermatids or spermatozoa 
(with one exception). Interstitial cells were easily identi-
fiable. 
Ovary: Small ova averaging 176.8u in diameter (table A) were 
present in this sampling. "Winter ovaries" were characterized 
by an increase in 'the numbers of degenerating and atretic fol-
licles (figs.4J,44). Although germ cells of all stages are 
present, oocytes tend to predominate. Average vitelline mem-
brane thickness remained at 2.8u (table A). 
Chromatography Results 
I 'J:hin Layer Chromatograms of control hormones and gonad steroid 
~.·J'~~~ ... ~,<.~"il<t~...---~~~K.t..~-~''"~'l~.ii:.~~··~~~~-~llf.$t~~;~~~~·:lr.i.•lt"'.~~~.ARlll'iJi 
extracts (fig.45) resulted in the following color reactions 
and Rf values: 
Steroid 
Estrone (control) 
Estradiol (control) 
Testosterone (control) 
Ovary Extract 
(Ether) 
Ovary Extract 
(Methanol) 
Testis Extract 
A 
B 
c 
D 
Color 
Tan 
Tan (j 
Green 
Yellow 
No results 
Aqua 
Aqua 
Brown-Yellow 
Blue 
Rf 
No 
value 
.86 
.60 
.65 
.77 
results 
.26 
.Jl 
.54 
.82 
28 
29 
.' .. 
Table A Cell Measurements In Microns 
April 27th Samples 
primary secondary vitelline 
oogonia oocyte oocy:te .Q.!!! membrane 
18.9u 6?.5u 9.5.9u 159.3u 2.9u 
21.6u 60.?.5u 1J2.Ju . 222.Su J.4u 
14.9u 5a.05u 85.5u 218.?u 3.6u 
23.lu 41.85u 95.9u i93.6u J.Ju 
2~.7u 68.85u 144.4u 207.9u J.lu 2 .?u 81.Su 122.9u 249.9u J.lu 
20.Ju 45.5u 8J • .5u 214 • .5u 3.6u 
22.9u 65.5u ?5.4u 227.ou J.lu 
25.7u 53.6u 99.lu 242.6u J.6u 
28.2u 44 • .Su 99.lu 198.6u J.4u 
average average average average average 
22.6u 58.Bu lOJ.5u 213.5u J.Ju 
May 18th Samnle...§. June 17th Samples 
vitelline vitelline 
~ membrane ova membrane 
3.5J.7u .5.5u 714.2u 7.3u 
4JJ.4u 4.9u 563.ou ,5. 2u 
386.lu 6.0u 771.ou 5.5u 
368.6u 6.2u .5.56.2u 5.2u 
J69.9u 5.2u 67?.?u 7.ou 
average . average average average 
382.3u 5.6u 6,56.4u 6.ou 
July 8th.Samples October 8th SamJ2.les 
vitelline vitelline 
ova membrane ova membrane 
8%.2u 7.8u 136'.4u 2.6u 
5J0.5u 7.5u 187.?u 2.6u 
69J.9u 6.5u 126.9u 2.9u 
615.6u 7.Ju 153.9u 2.9u 
666.2u 8.8u 158.0u 2.9u 
average average average average 
676.5u 7.6u 152.6u 2.8u 
JO 
January 2nd SamRles 
vitelline Sperm Sperm 
ova membrane "Heads" "Tails" 
---
202.5u 2.6u 2.lu 101.Ju 
i6J.Ju J.lu 2.Ju 120.2u 
i68.8u J.lu l.6u 55.4u 
186.Ju 2.9u l.6u 85.lu 
16).Ju 2.Ju 2.lu 14).lu 
average average average 126.9u 
176.Su 2.8u 1.9u l06.7u 
average 
·105.5u 
Table B 
Water Temperatures at Spring Grove Hatchery 
0 HzO Temp. OF E!§.h # Date H20 Temp.. C 
-
4/9/70 no temperature recorded l 
4/27/70 15°C 59°F 2-7 
519/70 no temperature recorded 8,9 
5/18/70 17°C 62.2°F 10-18 
6/5/70 
0 
18.5 c 65.J°F 19-21 
6/17/70 19°C 66.2°F 22-3.5 
7/8/70 21°c 69.8°F 36-50 
10/8/70 J..5.5°c 59.9°F 51-65 
1/2/71 8°F 46.4°F 66-75 
r 
Jl 
Figure 1 
Figure 2 
' 
Plate A 
"Spawning condition" testis sec-
tion from fish #24 showing {A) 
primordial germ cell, {B) sper-
matogonium, (C) spermatooyte, 
(D) spermatid, (E) spermatozoan 
(400x). 
"Completely spent" testis section 
from f iah #65 showing (F) inter-
stitial cells (400x). 
f,,.,,,..,.~>!!-W.~·~~.........,-.~~~~,~~~.,.4'~~~~~ .... ~~-Ww.M-~..,.,~"l!Ct!~· 
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Figure 3 
Figure 4 
Plate B 
"Completely spent" ovary section 
from fish #52 showing (G) ovi-
gerous lamella, (H) secondary 
oocyte (40x). 
"Completely spent" ovary section 
from fish 1152 showing (I) 0050-
nium, (J) primary oocyte, (K} 
atretic follicle (40x). 
PLATE B j 4 
J 
K 
35 
I 
Figure 5 
Figure 6 
Plate C 
Primary oocyte from fish #2 {400x) 
Nucleus.and surrounding cytoplasm 
containing dark yolk vacuoles and 
light oil vacuoles of a mature 
ovum. Ovary was removed from 
fish #Jtt {160x). 
L. __ ,._,, _____ ,, ___ ,. ___________ _ 
PLATE C 36 
37 
Figure 7 
Figure 8 
-·I 
Plate D 
Mature ovum from fish #26 showing 
(L) vitelline membrane, (M) fol-
licular cells, (N) theca cells 
( l60x). 
Mature ovum from fish #26 showing 
(0) zona pellucida, (P) zona 
radiata, (Q) follicular cells, 
(R) theca interna, (S) theca 
externa { 400x). 
PLATE D 
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Figure 9 
Figure 10 
·', 
Plate E 
Testis in initial stages of sper-
matogenesis from fish #5 showing 
(T) primordial germ cell, (U) 
spermatogonium, (V) dividing ' 
spermatocytes (400x). 
Testis in initial stages of sper-
matogenesis from fish #7 showing 
(W) interstitial cell, (X) sper-
ma tid (160x). 
PLATE E 
T 
w 
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Figure 11 
Figure 12 
Plate F 
Pre-spawning season ovary section 
containing small ova from fish 
#2 showing (Y) secondary oocyte 
(40x). 
. 
Pre-spawning season testis sec-
tion from fish #9 showing (Z) 
spermatozoa (160x). 
PLATE F 
y 
4J 
Figure 13 
Figure 14 
I 
Plate G 
Testis section from sexually 
immature fish #11 (160x). 
Testis section from fish #12 
showing active spermatogenesis 
and an increase in spermatozoa 
concentration over the 4/27/70 
and 519/70 samples {400x). 
l..,c~------~._,,,..., --b•M-•"G...,,~ ...... w_,..,.,_,_,....,.u _,,J 
PLATE G 44 
r 45 
Figure 15 
Figu1"e 16 
Plate H 
Testis section from fish #12 
showing active spermatogenesis 
in a portion of testis other than 
that shown in fig.14 (400x). 
Testis section from fish #15 
showing active spermatogenesis 
and increase in spermatozoa 
concentration over the 4/27/70 
and 519/70 samples (400x). 
PLATE H 46 
47 
Figure 17 
Figure 18 
I 
i. 
Plate I 
Testis section from fish #16 -
showing active spermatogenesis 
and increases in spermatozoa 
concentration over the 4/27/70 
and 519/70 samples (400x). 
Testis section from fish #16 
showing a spermatogonial cyst 
surrounded by a great number of 
spermatids (400x). · 
l _____ ,__ .,..'j 
PLATE I 
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Figure 19 
Figure 20 
Plate J 
Pre-spawning condition ovary 
section from fish #17 containing 
a medium size maturing ova. Ova 
at this stage average J48u (40x). 
Spawn'ing condition testis section 
from fish #32 (400x). 
PLATE J 
51 
Figure 21 
Figure 22 
Plate K 
Spawning condition testis section 
from fish #25 showing high con-
centrations of sperm among sper-
matocyte cysts (400x). 
Spawning condition testis section 
from fish #24 showing spermato-
cyte and spermatid cysts. Some 
sperm are also present (400x). 
PLATE K 
53 
Figure 23 
Figure 24 
Plate L 
Spawning condition ovary section 
from fish #33 showing mature eggs (40x}. 
Spawning condition ovary section 
from fish #34 showing mature eggs 
and a'{A} large secondary oocyte 
(40x). 
PLATE L 
.5.5 
Figure 25 
Figure 26 
Plate M 
"Partially spent" testis section 
from fish #50 showing noticeable 
decrease in spermatogenesis and 
a'i. high concentration of sperma-
tozoa in the (B) sperm duct (40x) 
Magnified section of testis shown 
in fig.25. Lacking sperm. Note 
the abundance of spermatogonia 
cells ( 400x). 
L--·----·---------·-.. ---P-8"""'""'"' 
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Figure 27 
Figure 28 
•' . 
Plate N 
Spawning condition testis section 
from fish #42 showing maxima 
numbers of sperm within the lo-
bules ( 40x). 
Spawning condition testis section 
from fish #48 showing maximal 
numbers of sperm within the lo-
bules and ducts (40x). 
l L_ ______ ··---------· 
PLATE N 
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Figure 29 
Figure JO 
Plate 0 
"Partially spent" testis section 
from fish #37 (400x). 
"Part~ally spent" testis section 
from fish #45 (160x). · 
J ______________ , ___ _ 
PLATE 0 
61 
Figure Jl 
Figure 32 
Plate P 
Testis section from fish #37 
showing (C) interstitial cell 
(400x). 
Spawning condition ovary section 
from fish #40 showing four large 
ova (40x). 
PLATE P 
,., .
o2 
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Figure JJ 
Figure 34 
Plate Q 
Late spawning season ovary sectio 
from fish #J6 showing degeneratin 
ova (40x). 
A portion of ovary pictured in 
fig.JJ showing a decrease in the 
number of mature ova. This photo 
represents a "par?tially spent• 
ovary ( 40x). 
PLATE Q 64 
65 
Figure 35 
Figure 36 
Plate R 
Post-spawning season testis sec-
tion from fish #63 showing sig-
nificant numbers of residual 
spermatozoa. (40x). 
Post-spawning season testis sec-
tion from fish #55 showing some 
residual spermatozoa. (i6o. ~). 
PLATE R 66 
67 
Figure 37 
Figure 38 
Plate S 
~completely spent" testis section 
from fish #65 (40x). 
"Completely spent" ovary section 
from f 1.sh #64 (40x). 
PLATE S 
69 
Figure 39 
Figure 40 
Plate T 
"Completely spent" ovary section 
from fish #64 showing (D) atreti 
follicles (40x). 
Winter testis section from fish 
#71 showing no spermatocytes, 
spermatids or spermatozoa (40x). 
PLATE T 
71 
Figure 41 
Figure 42 
Plate U 
Winter testis section from fish 
#73 (40x). 
Magnified portion of testis 
sectinn shown in f ig.40. Sper-
matogonia predominate (400x). 
.. 
PLATE U 
73 
Figure 4J 
Figure 44 
Plate V 
Winter ovary section from fish 
#69 showing a number of (E) 
degenerating or atretic follicles 
(40x). 
Winter ovary section from fish 
#75 showing a number of (F) 
degenerating or atretic follicles 
(40x). 
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Figure 4S 
Plate W 
Thin layer chromatogram demonstr-
ting the following separations: 
A.) control estradiol (Rr .60) 
B.)· ovary steroid (Rr .??) 
c.) control estrone (Rr .86) 
D.) control testosterone (Rr 
.86) 
E.) testis steroids (Rr .26, 
• 31, • ')4, • 82) 
c 
B 
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Discussion 
Sexual maturity of the bluegill gonad is essential to any 
investigation which is concerned with the reproductive functions 
of either testis or ovary. Throughout the spring and summer 
months the process of active spermatogenesis is the best cyto-
logical criterion to diagnose a mature male. On the other 
hand, testes containing few or no spermatocytes, spermatids, 
or sperm during this period characterize the sexually immature 
fish. Such fish are usually less than 45 grams in weight and 
according to James (1946) are generally less than one year in 
age. Sexual maturity is related to size and thus some 
"stunted bluegills fail to mature even during their second 
summer" (James, 191+6). However, Morgan {19.51) stated that 
most of the bluegills from Buckeye Lake did not attain sexual 
maturity until the third year of growth. 
A "spent testis" must not be confused with an immature 
one. Sections of "spent testes" may contain noticeably fewer 
sperm as a result of spawning but always possess sufficient 
' 
numbers of spermatocytes and spermati.ds. In contrast, the 
~ immature testis is smaller in size and is composed almost 
I entirely of spermatogonia cells. 
~ During late autumn or winter mo~ths the presence of sperm 
l no longer serves p.s: a standard for maturity. In the Eastern . 
I brook trout for example, the preserice of phagocytes in the I 
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lum1na of the lobules, the existence of lobule lum1na, in-
creased vascularizat1on, and gross white streaks or bands in 
the testis characterize the "dormant winter testis" as mature 
(Henderson, 1962)• Of these traits the presence of lobule 
lumina and increased vascularization are most applicable to 
the bluegill. 
Accurate determination of immature ovaries can only be 
made during the spring and summer months. Such ovaries lack 
or contain few maturing or mature ova during a period when 
larger (mature) ovaries possess maximal numbers of mature ova. 
Morgan (1951) estimated that in mature bluegills the "number of 
eggs produced varies with the size of-the fish from 2,540 in 
4 to 4~ inch fish to 49,400 in an 8 J/4 to 9 inch fish. The 
average number for all fishes studied at Buckeye Lake was about 
18,J00. 11 
Favorable environmental conditions and adequate food sup-
plies are important to gonadal development. "There is a defi-
nite relationship between the condition of the fish. In 
nature the more rapidly growing fish show greater maturity of 
• 
gonads than do the poorly nourished members of the same brood" 
(James, 1946). 
External conditions including increasing water temperature 
and lengthening photoperiod, on the other hand, are essential 
to the initiation of sperm and ova development. Medlen (1951) 
demonstrated that all mature female ~ aff inis developed 
r 
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gravid pigment spots, indicative of pregnancy, when placed in 
aquaria containing warm (90°F) water and prolonged photoperiod. 
Specimens kept in cold water (48°F) with the same prolonged 
photoperiod (10 hours increasing one half hour biweekly) re-
sulted in only one large gravid female. However, "within ten 
days she apparently reabsorbed the embryos, for the gravid spot 
disappeared and never reappeared during the progress of the 
experiment" (Medlen, 1951). 
Increased photoperiod, on the other hand, enhanced nest 
building behavior of the stickleback when the temperature re-
mained constant at 20°c (Baggerman, as cited by Hoar with Brown, 
ed., 1957). 
No information could be found concerning isolated photo-
period effects on the bluegill. James (1946) however, demon-
strated that the ratio of bluegill gonad weight to body weight 
increased with water temperature. Testes achieved maximum 
weight in May before spawning and decreased during late June 
and July. Ovaries attained their peak in June and then declined 
throughout June, July and August (James, 1946). Water temper-
atures in James• (1946) investigation were highest (75-80°F) 
from late May through August and spawning began when tempera-
tures reached 75°F. In the catfish gonadal weights also varied 
directly with the temperature and gonads were heaviest prior 
to spawning (Nayyar and Sundararuj, 1970). 
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Seasonal variation was quite pronounced within the bluegill 
testis. As water temperatures increased throughout March and 
April spermatogenesis was initiated. Dark staining chromosomes 
indicative of active cell division first appeared throughout 
the tissue sections. Prior to this alteration testes sections 
contained predominantly spermatogpnia (fig.)7,40). During May 
the number of spermatid cysts increased. A number of these 
cysts ruptured and released the "metamorphosing" spermatids 
into the lobule lumen. Spermatozoa were present in testis 
sections during May but reached peak concentrations during 
June and July. During this period, the greater numbers of sperm 
moved into the sperm ducts may be attributed to smooth muscle 
contraction (Moser, 1967). 
Lining the sperm duc.t.s of the rock bass were somatic 
cuboidal cells (Schroder, 19JO)·which were also evident in the 
ducts of the bluegill. Schroder (19JO) believed that these 
cells gave rise to germ cells. However, Turner (1919) claimed 
that germ cells in the perch resulted from "amoebocyte" like 
cells migrating from cords of germ cells outside the gonad • 
• 
November samples demonstrated reduced sperm concentrations 
and marked the transition to a testes devoid of sperm removed 
from "winter bluegills." 
Spermatogenesis in the bluegill was seen to proceed at 
diverse rates throughout the testis. For example, each lobule 
was composed of cysts containing identical cells at one par-
i 
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ticular stage of maturation as seen also in the testis of 
Sockeye Salmon Oncorynchus nerka (Wiesel, 1943). Thus, a lo-
bule may 'have several spermatogonial cysts, some with sperma-
tocytes, and other cysts containing spermatids. Such a stag-
gering of stages assures a continual supply of spermatozoa 
throughout the spawning period and wquld be in agreement with 
James' (1946) conclusion that mature bluegills have "series 
of sperm discharges" during May, June and July. 
The testes of the catfish, Heteropneustes fossilis also 
demonstrated seasonal variation (Nayyar and Sundararaj, 1970). 
In contrast to the bluegill, catfish testes possessed sperma-
togonail divisions as early as February and some sperm as early 
as March. However, the investigation of Nayyar and Sundararaj, 
(1970) was undertaken in Delhi India where water temperatures 
were considerably higher than those recorded for corresponding 
periods in my investigation (in table B). Spawning of the cat-
fish occurred during July and August and the mean water temper-
ature at this time was 31°c (8?.8°F). 
The Pacific rockfish, Sebastodes paucisp1nis exhibited a 
' 
lengthened period of gonadal activity (Moser, 196?). Sperma-
togonial divisions occurred from January through May. Sperma-
tocyte cysts made their appearance in May and not until July 
and August did the testes become swollen as a result of high 
sperm concentration. "Spermatogenesis began to subside in 
e . September and terminated during October (Moser, 196?). Some 
I 
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sperm, however, remained as late as January. 
The perch, Perea flavascens, testes demonstrated a sea-
sonal cycle resulting in the expulsion of sperm "at the pre-
cise time in which the temperature of the water is beginning to 
rise" (Turner, 1919). Unlike the bluegill, perch exhibit some 
·advanced stages of germ cell mat~ation almost any time of the 
year. For example, spermatocytes may be present from mid-
August to mid-December, while most spermatozoa are present 
from early September to March. However, some sperm may be 
retained as late as July. 
Seasonal variation within the bluegill ovary was demon-
strated by its noticeable expansion in size as a consequence 
of increased yolk deposition within maturing ova. Oogonia and 
oocytes were present at all times. However, with rising water 
temperatures an enlargement of oocytes and largest numbers of 
mature ova throughout May, June and July was observed. Accord-
ing to James (1946) oocyte maturation occurred in two stages: 
"an early period of slow growth and a shorter period of rapid 
growth which culminated in the maturity of the egg." The 
spawning season of the bluegill is extended, lasting from May 
to July (James, 1946; Morgan, 1951). As a result eggs do not 
mature at the same time as in the bass but "intermittently in 
individual fish throughout the spawning season" (James 1946). 
An increase in yolk deposition in Eucalia inconstans has 
been attributed to the follicular cells producing yolk precur- I 
I ·~.,..~~·-a~ r --.."~-,.,,...·'"'-•~~~~~~4"'"!ll'o>~~,,....._w~~~~IN'...._~:l!nt'"O>..,.,'l"'~~:'i.~~~ ........ J 
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sors which in turn pass through the radial canals (pores) of 
the vitelline membrane into the cytoplasm (Braekevelt and 
McMillan, 1967). Ball (1960) stated that granulosa cells also 
have a nutritive function since they pass oil droplets through 
the pores of the vitelline membrane. The presence of yolk is 
. 
first seen in a late secondary oocyte or maturing bluegill ova 
in the cytoplasm nearest the vitelline membrane (fig.24) and 
suggests that yolk deposition occurs in the bluegill oocyte 
as in Eucalia inconstans. 
Many mature eggs remain in the "spent" bluegill ovary 
following spawning. However, as water temperatures decrease 
from September through December these eggs degenerate and are 
converted into atretic follicles (fig.39). This further re-
duction of ovarian content serves to make room for next seasons 
production of eggs. 
For the most part, oocyte lliaturation in teleosts is similar. 
The brook stickleback Eucalia inconstans, exhibits a seasonal 
cycle including water temperatures, oocyte and egg sizes, occur-
rence of atretfc follicles, and membrane histolog1 remarkably 
identical to the bluegill. 
In contrast to the bluegill, other teleosts exhibit only 
slight histological variations. For example, rockfish oocytes 
contain more condensed and thus darlrnr staining chromosomes 
(Moser, 1967), while the crappie possesses chromosomes resem-
, .b~~~~~~~~~~~~per.~~-:~~=~~~-'~d"'-···-~··-·-~-~·---~-~ 
I 
I 
! 
84 
Gonadal endocrine arrangements found in the male teleost 
may be of two distinct types. The first of these, known as 
lobule boundary cells, are modified fibroblasts lining the walls 
of lopules (Marshall and Lofts, 19.56). Boundary cells are 
usually elongated and are characteristically lipoidal, choles-
terol-positive gland cells. (Cholesterol is a steroid hormone 
precursor). Sudan dyes best demo~strate boundary cells during 
the pre-spawning season (Marshall and Lofts, 19.56). The pike 
.~ lucius, rockfish Sebastodes Qaucis.:e_inis and brook trout 
Sa\,velinus fontinalis are examples of teleosts possessing 
tubule (lobule) boundary cells. Although these cells differ in 
position, their endocrine function is thought to be identical 
to interstitial cells and both cell types are morphogenetically 
similar (Marshall and Lofts, 1956). However, boundary cells 
in Sebastodes pauq_ispinis ~lso stain strongly with PAS, indi-
cative of the presence of carbohydrates. Thus, these cells 
were also theorized "to act as a substrate for the nutrition 
, of gametes" (Moser, 1967). Some teleosts including the three 
spined stickleback, and the bluegill possess the second type 
of endocrine structure: interstitial cells (fig.2). Located 
in the interstices between the lobules, these modified connec-
tive tissue cells are similar in appearance and exhibit certain 
common lipoidal, cholesterol positive properties in both jaw-
less fishes and for example man (Marshall and Lofts, 1956). 
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In electron microscopy studies the cytoplasm 1s seen to 
contain numbers of lipid granules and crystalloids indicating 
the active synthetic nature of interstitial cells. 
Using cats, rats, pigs and rabbits, Pollock (1940) demon-
strated interstitial cells of the testes as the source of male 
androgens. Frozen sections treated'with iodine and phenylhy-
drazine resulted in the interstitial cells turning yellow while 
treatment with digitonin caused increases in the number of 
birefringent crystals. These histochemical effects were absent 
from testes tubules and were localized within interstitial cell 
a~eas only (Pollock, 1940). Furthermore, steroid solvents in-
cluding alcohol and acetone were capable of dissolving the 
reacting substances. 
Melampy and Cavazos (1954) performed a series of histo-
chemical tests for the presence of lipids in various vertebrate 
testes including that of the bluegill. The Schultz reaction 
for steroids and a test for carbonyl groups were negative for 
bluegill testes sections. The Sudan reaction, however, indi-
cated a weak reaction in the testicular connective tissue. 
Absence of testes cholesterol in the bluegill, however, may be 
attributed to a period in the reproductive cycle "during which 
a reactive quantity of cholesterol was absent" (Me.lampy and 
Cavazos, 1954). 
Chromatograms processed throughout my study reveal the 
l=~::-or_:=~estes extrS:ct (f1g.45)~J 
l 
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However, free testosterone was not detectable in the extract 
and probably exists as a conjugate. Further effort to isolate 
testosterone or a testosterone conjugate is beyond the scope 
of this investigation. 
An outstanding experiment demonstrating the presence as 
. 
well as the effects of testoste·rone in sunf 1sh has been under-
taken by Smith (1969). He showed that male sunfish were nor-
mally aggressive and dug nests in the gravel bottom during 
spawning season. Although aggression remained in castrated 
sunfish, all nest building activity ceased for the 28 to J6 day 
experimental period. A repeated dose of 17 methyl testos-
terone dissolved in ethanol was added to the water of some 
castrates. Within six days following treatment the castrates 
resumed nest digging activity while control castrates exhi-
bited no digging behavior. "These results suggest that nest 
diggirg is dependent on the presence of androgens" (Smith, 1969). 
As recently as eleven years ago Ball (1960) stated that 
convincing evid~nce of cells or structures possessing endocrine 
function in the teleost ovary was still lacking. The theca 
interna of mammals and birds possess the capability to synthe-
size estrogen (Parkes, 1966). Fish theca cells, on the other 
hand, lack lipid droplets or cholesterol characteristic of the 
corresponding structure in the male known as lobule boundary 
cells of the testis (Ballt 1960). However, theca interna cells 
of ~~~a-~=c~~:~~:..::-~~~~sen~~·-J 
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3-B hydroxysteroid dehydrogenase (Yamamoto, 1968). This en-
zyme is concerned with the synthesis of steroid hormones. 
Positive results occurred only in the theca cells of large 
yolk containing oocytes and maturing or mature ova. 
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Atretic follicles have been considered as the probable 
source of teleost ovarian hormones for several reasons. They 
are universally present in fish, they contain lipid and choles-
terol and there is an "absence of any other apparently secretory 
element ·in the fish ovary" (Ball, 1960). However, Bretschneider 
and Duyvene De Wit (1947) have shown that an unidentified hor-
mone present in the pre ovulatory corpora lutea (atretic folli-
cle) of the bitterling is responsible for the growth and main-
tainance of the ovipositor. 
Formation of the atretic follicle is a degenerative process 
resulting in a large oocyte or ovum being "attacked" by phago-
cytizing granulosa (follicular) cells (Ball, 1960; Bretschneider 
and Duyvene De Wit, 1947). In this process the v1tell1ne mem-
brane breaks down and the nucleus disintegrates. Granulosa 
(follicular) cells become mitotically active and they pervade 
. 
the cellular contents. Bretschneider and Duyvene De Wit (1947) 
demonstrated that GTanulosa (follicular) cells of the bitter-
ling possess large vacuoles considered to contain "hormonal 
substances." 
Thust the cytological, histochemical or physiological 
evidence espoused by Ball (1960), Bretschneider and Duyvene 
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De Wit (1947), and Yamamoto (1968) strongly suggests that en-
docrine structures in the teleost ovary can be attributed to 
secretory theca cells and granulosa cells. 
Using paper chromatography, Dean and Jones (1958) demon-
strated that ovarian extracts from lungfish contained estriol, 
estron~, 17-B-estradiol and proge~terone. Preparation of ex-
tracts, however, call for homogenation of the ovaries result-
ing in the loss of structures or cells specific to the synthe-
sis of a.particular hormone. 
Ovarian sex hormones of teleosts effect behavior, secon-
dary sex characteristics and cause the deposition of large 
quantities of material (yolk, oil etc.) in the developing eggs. 
(Ball, 1960). Sexual activity ceased in ovariectomized Betta 
splendens but resumed upon administration of ovarian extracts 
(Noble and Kumpf, 19)6, as cited by Hoar with Jones and Eckstein 
(ed.) 1955). The bitterling demonstrated rapid ovipositor 
growth when steroid hormones were added to the water (Bretschnei-
der and Duyvene De Wit, 1947). 
The bluegill, r.epomi~ macrochirus, ovary possesses both 
' theca and granulosa cells (figs. 7,8). The presence of these 
structures, based on the results of other teleost studies, 
suggests that the bluegill ovary pr.oduces steroid hormones. 
Atretic follicles (figs. 43,44), also characteristic of endo-
crine activity, are present in the bluegill ovary at all times, 
. I but a noticeable increase in number takes place during the I 
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Summary 
1. The gonads of the bluegill exhibit a seasonal cycle cul-
minating in the massive production of spermatozoa within 
the testis and development of large ova (averaging 676.5u) 
within the ovary. 
2. Greatest quantities of spermatozoa and mature ova were 
witnessed in the June and July samples. 
J. "Winter gonads" are characterized by the lack of sperma-
tozoa and greater numbers of spermatogonia in the male. 
The female exhibited a reduction in ova number and size 
accompanied by an increase in the presence of atretic 
follicles. 
4. Spermatozoa average 107.4u in length. 
5. Bluegill testes contain interstitial cells. 
6. F0llicular (granulosa) cells and thecal cells can be seen 
surrounding the bluegill ova. 
7. Atretic follicles stain very intense with PAS. 
8. Thin layer chromatograms demonstrated four steroid separa-
tions from the testes extract and one separation from the 
ovary extract. 
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